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(54) BULK ACOUSTIC RESONATOR PERIMETER REFLECTION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a bulk acoustic resonator with 
high quality that reduces an energy loss by lateral mode oscillation. 
SOLUTION: This invention provides the bulk acoustic resonator (50) 
having a substrate (54), a depression (56) formed thereon, a 1st 
electrode (62), a 2nd electrode (58) and a piezoelectric material (60). 
The 1st electrode extends beyond the edges of the depression by a 
1st distance (d2). The portion of the 2nd electrode has at least one 
edge that is offset from a corresponding edge by a 2nd distance (d1), 
the overlapped portion among the 1st and 2nd electrodes and the 
piezoelectric material forms the elastic cavity of the resonator, the 1st 
and 2nd regions have different impedances, as a result of the different 
materials located in the two regions. In addition, the 1st and 2nd 
distances (d2, d1) are approximately equal to a quarter-wavelength of 
an elastic wave traveling laterally across the respective regions. 
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(54) KB^©^] /W?M£ftS8HSl£it$'X7A 



(57) 

(56) <t . mi ©Sffi (62) tectO'm 2 ©mfii ( 5 
8) <t. fcjrtf. ESilvtifsf (6 0) i*«itl,»5^^ 
fWttftiSS ( 5 0 ) . m 1 ©Ulltem 1 ©SESI 

(d.) rcWDDSI5©x-v^?:ja^.-5J: J 5tC5I(y ; . m2© 
«fiB©SU#«» »2©£ggt (d,) /cWiaS|5©>rtJt:-r5 

i*«r«tt.. mi fc«fciy c m2©aSiES**f4<k©m!EcO 
tt. «88©Wtt**t?-«*JBfiS0. mi*s<fctfm2 

(c. mi fc<fco'm2©sBst©^n-e t n?:, fh^noa 

*££iPJl#<cjI&T35$tfi£© 1 / 4«MWcttH3¥l,< T 
5. 




1 

imp* 1 ] «ffi«c^L/cG3W&«ilfc»fii, 
mjiaS«CDS?f2^M±-CHiria[HIg[5^:^ 5 J: 5 KiBSS 

ft. » i (Dggsi ( d , ) i£»masM(onasL<ox ? v>* 

S0/cjI^f#l44, 

«WBEa*t»±ec|BB3ti4i 4 *>CCfHaDfl»±«ciBB 
3ftfcffl#*^t^2©«ffir*oT> nWBW»a*. m 
2 cDgggft ( d x ) /c^fJiBHSPO^jC'r £ x ? 6 * 
hSftTl>£4>&< 4 4> lo<DX9Ss«HI*.Tfr 

taiy]g|5±6cisg 3 nr *n e> ©rh cc» 2 © mmtfise. s 

ft, NEff2®Mi«» l S«3Wia>««©-f>tf-y> 

x4BS*s^>fcf-#>x*«&ri>s*2©»B54 

mfS2» 1 ©««4SWBJI«5tl4i«Ha»2©* 

C»*3S2 ] OTBWlfcJ:a«2©««o*Jh*ti 
**. ««*WJ*«c«Wor»tp»tt»o 1 /4«*fctt 
HWWr»II<d a . dt) *«itrt>SIIWWl«clB«© 

(IS#3H 3 ] buIBS* 1 (d,) tuiam 

2<DffH4>tt (d») <fc0fc*l»l»*3l2*ciB«(OWtt 

[1*3)094 ] lMEEMro±KU(sfc*&* 3 
Ix. , WffiBflaiJ©*f J£t"5 WSBx v 6 * 7 -b 9 h 3 
ft/cfiyfSgf 2 CD^UCDX 9 V<D'pt£ < 4 & 1 otc>tf j£ L 
r BtffEffl 1 cd^<Z)x ? t^£p/r;£(D£B$ ( d 3 ) fcflif 

«B* WIB»l©««©-f >t-y>X4ttRttS-f> 

tr- msmeoEtt < d . ) b, Miam 
3©««*jii*KfiMn-»ratr»ttK© 1 /4«*<ctt 

[»*B5] »4©««^ «TSB«Hft«cJ:^rHi3iS 
ft. fffBSl4©ff«B, HJfB»3©«a«fl[)^>K , -y> 
*4BK&5^>^- litriB#4<Dff« 
B, W^3(D«J«4»W«c«Wor»^»ttift(0 1 / 
4««C«H9!EW>M (d J 4«*Tl>£W*lB4ec 
IBtgCD5«14«}SSo 

SBgf (d,) ftitfffllBSn ©«S©*tJE-r*if 
«ftT*ft*ft0ffl#*ESrr4. IS^ii4CCia«£<D5f 

[■WW 7] «rSB»»©B|l»ttS(r*«:»ttSft. mj|B 
«jS«huIB» 1 <Z>Sffi<Dlffi»<Z>x y SXDJB «3 fci£B3 ft 

(»3RS 8 ] WEIHSB±©HfriBBE«t*l**CEK 3 ft/c 
^>tt< 4 4> lo©«a*S6«c«A, iOTB<l>tt < 4 fc 1 
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o©«jgB, BJiBBflBIJOStJS-r SSTiBx y S?*>6*:7 -fa 
v h 3 ftT tr»*ttB» 2 <D»ffi©iiJiB*l>& < 4 6 1 ocd 
X7^6BfS©SEBt (d.' ) GC|BS£ft> *3©ff 
HufB>&2 O^SOffttax * S^fcWKflRfcCHtf 

r^o, ffleBftsosftt (d/ > «. tten3oiH«i 

*M**c«tt-?rilOWtt«© 1 /4jftS«c««*U 

<, *©B83U©ff«B, NulBtSitCCct^riliS^ft. 
IWB*4 0ffl««. «BB»3©««(D-f>fcrr-y>^4 
B»tt4^ 8WB»4<D«««. StT 

io tam 4 off tt£M£cctttt) o x mt*w ffi£<o 1 / 4 i&g 

tCBHNFUDtl (d,' ) *tt*.Tl»5, IMBfllKigB 

c es^ig 9 ] 2 o©a«*«weiaw±© WEBE W#*4 

ICWiCEtSh, -€-CD»2<D«jg«, *fr!B*l<D«jg 
3&^»2(DBlfS©BEItt (d/ ) CCgBg^ft, mJiBJg2 
<D^S<DSgS8 (d/ ) tt, ffiri3»l*cfcO f »2©*jS 

<D««*ro*«c«|«jorJltfWttifi(D i /4« 

s^c mm u < , » 6 ©ff mria^ 2 ofgigccct -p 

rH^3ft. MIB*6(Dff^(«, «!fBB»6<DffiSS«:f«* 

20 k:«Wr>riltff»ftift©i/4«fi«c«««fbi»« (d 
/ ) *«itrt»4. l»*398«:E«©Wtt*«S. 

[0 00 1 ] 

tic resonator)CC^C, S6CC»0<»» S^HSSCCfe 
» *> y a JV 2 4 Utffi^ C 43WC* &$¥f£ft«StcHr 

So 

[0002] 

[S£3ft©a«] «T«»Z)(S3Xh^b4/jNS[ffc«:*W-* 

30 S3KA»6. /JNStt^ ^;u^gR1vt^ffli^Wicg^Sftrci 

^hax^^rB, rt/a3ftSSPq a a^^34r2X hoc 

»orKui»*dni3WftiSftr^s. cft6<DSSie©^< 

fST s fcast> cc«tttt «c 55* # «p S ft r * te. 

[0 003 ] Cft6<Dx-XCC®^ pJftgtt<D*S^ -f ^ 

ft 6 (Df 5 ^ ^ * Bs »JBBE«*tS*«c*JC»r ^Jl/ ^«tS» 
40 1 o©BB*Ltt«teRCC*jC^r, E«mn 

2o©^««aia«:»i*sfts. c©*i9fiwtB. 

^.r 2 OOWSUKCIHW »£ S * 6 hi i » ESWf* 
B, l#»< 6*<0««x*^^-*Wtttt©»rl»Kx* 

ttiftB, «»*«t«j4*rfi]ecfeeJf orsffi&so^Bfll 

[0 0 0 4] COf^-f^tt, xU* hax^XCCjgJ^ 

50 pjtta«*swft*«ar**. st^t, c<d7'U7, 



3 

[0 00 5] ®JS^JU*SW4*ffiS (thin film bulk a 
coustic resonator: F BAR) ±m HBK^<^^S*tt* 
JS3§ (stacked thin film bulk wave acoustic resonat 
or:SBAR) 1 -2 5 ^ D ft 

ffoar. sc*tt*n«, Ett«n», cocao-hr 
b. 2«±<DJi*«*aiar»flEdn. *o«8tt n 

[0 00 6] «T©KW*ffi*W:-rs/c«>«C % 
FBARCCBBL/rSi9BSnS*« % *»IB©^*"S" 4 <b C 

4B, p|«ccsBAR«:fcafflr*sc:<tttW6^r* 
4SP#B, SWS* + tr?w *JBjsST4. c©**t:?w 

ffiT-S<, Cft£><7X>t>*9>4 KOateralmode)J 

-<DW&Z* FBARfiD^^yf ^ (quality. itffiO 
CC*JK»*Stf-r. Kftfgtecfc4x*;U 
*~-«^<D{£'MB> FBARO^t'Jf^ - 7r^^- 
(Qffl) ftMfU 5/ + -^ttJBSftW»^-r^*. 

So 

[0 00 7 ] 

- K #B JJg CC <fc 4 x * ; b =F - fflSfc ft ffi m 0 tc iff & Jt © / < ; U 
* Wt4*J8Sft»«-r 4 C i k: $> 4 G 
[0 00 8] 

fccfev. Esw&±ft«iiri>4. *<£>it 
orieE<**i4» i <D«su t • ?g«»ffiftfiif«-r 

4&<DT&oT, H 1 <D&ffitcVWB<DX v ^ftffix.4 



(3) ftffl 2 0 0 2 - 2 2 3 1 4 4 

4 

s$*rtt,>4. »2(d«bs». E«tt*4-Bcisfi3*v 

E3§|50±«:{4ll*rSg|5^ft«x.TC^o IH8IW>JbK:{4B 
10 n6©2 0(DM^CC^W4W^a ; 5/cd?)CC, st^cca 

&4^>fc*~#>xftW0T(,>4 o ffnte^o' 
si 2 (DSBBto-en-etiB, *ft^tt<DM*$ftffi'J# wiia 

2©«««. ^^^^SWftiUtaflBU. »*-K« 
Wfr io&m^<D&&* tb'f^t £ oTiWtfcftSft 

K3g&3ft4. 

20 [0 00 9] $t£&JlSB, -t<D±<0Hi2K^>*^A 

R*iiini©wttiftftsi4-r4. jaiass^>x^AB. « 

it*«8;t4c<!:#r*4. SJ#<DWiUt: % iHSPoStJS 

•f-Sxr^iDt^-fey h ^nrC^4l^2CD^fiiCDx^ 

30 2 <D$m<D a > ^>x t\%w*i> 4 > tr- ft 

* 4 c com 4 ©««%fflij*tcaffl-r 4 w 

tt«©i/4«*cc««*u< a a. 
[ooio] a#©«a<o0!i3w, Dfla©±<Dffi*tmcc 

h $ ntH 4^ 2 CQUfiicDx >v t?*> &9f^OiEHt«:* 4 
40 *nr*4 0 »3<0fiR«cB. «3fitC*fOr»2(0»ffiO 
*<OX.vVfr*>m$. fie^>r, 3fS©S6(StB, C(0^3 

cMW*«t&«:ai»r ZWffi&O 1 / 4 u 

S 3 <D«Mi|J<D > tT- ^> X <h KRft 4 > tf- ^> ^ 
ft(«*4Sl4©««ft»fiR0, »4<0««©«tt. C<7) 
#4©ffl«ftiffl#fcffl«T4»tt«<D 1 /4jKfi«C«« 

^0<&4o 

[0 0 1 1 ] *^(D(to»]{Cffiot, »ttfttSS 

ft*fiS-r4^rffi*»wrs. coyxmz* tvmmicB 
so ^?n/ccflsi5<i:^accieg?ti/c^ 1 omfisftn item 



5 

«*/sgTsc<fc*$tf. mi commit. oaaLBcffiE 

5 ft & 4 4 ktcJil 1 ©ffiBt/cW C CDGDSPCDX ? ^ifix. 

W\ <* 1 OBffi±©S«OSlffiOCE«tt***tt* 
S-H-iiifcCCC GDESttfcLb «c Jtr 2 <D©ffi fcttS 5 

6 Citato. »lfc<tCJ f »2 0«ffiiE*«l44©fi 

h Stixm&tj: < 4 4> 1 ocdx 9 ^*ffl*fclH6ILh 
»tt*-/>bf-y>^*«iLr^4. ££>Kf&l 4|g2 

»tt«© i /AWtmwmmb < , tectcx, m 1 fcjro* 

fl!2<D««tt % ^7 OT^MTS. _h&OfcJ; 
9 ttftOUiat*, & tern*- F#«* £ S 6 JCWttiRSr 

4oc<fcor, SSJ^«:tta»Sfl&<><7)"C*54 4fccc 

[0012] 

ca?B©*fta>?BJ»] <^ft<eft. fbar4 

SBAR(DKfflia"C*^0 1 4H2*#JH"T4 4Sa«: 
JI£J5fc34vC<,>SFBAR 1 Ott* Jg£P43im<Dm§sl 4 

4 1 8ztti?timx-xi6V). cn?>o«a«, E«W 

0<D±(CS0mntF BAROJKSWcm© • 

^^M^o*ci^*-r^c4tcj:or{ / f6n^o E«*tt* 

ftoElMWtbnTift^, 1114<bl8^ 
CcSeoTWIRE«*tf4«:*5W4 z llCfli KJffticfcm 

wstirc^a. «E*Enflasnsc4ccj:or«^2 

[0 0 1 4] »»Wttft«©BSCC» % ^-fXliil/* 



(4) ^200 2-2 2 3 1 4 4 
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[00151B2W, SBAR3 0<D#rffilir&&. S 

10 Mxtl^o SBAR30^, S$«ralWC 
^n/c2o©FBAR7^Wt*5 0 Emtt?4£> 
JSBPT^OBOWW, C(DBfr6tt«BB3*vttr»4. EH 
136 <DftJgjgjS»CC*5W 3 2 4 3 4 PalCDff 

E«JB3 8(c»14«x*;U^-S:G»"r4. E«t* 

&n 3 8 (owmmrmmu. Eitmtc <t ->r««3 4 

d:4 0fl<DlMI^^?n^ o 
[0016] SOT 1 OCb^T. s#«&*-(:/(DSfc*j% 

£ 3 # & tc z& & «{a ** z # ft tc «ffiftn *c ^ a. e> n fc 4 
r*s^«Ea»©x!ys?«:j:orfeJSi*dnf**. 5* 

(Qffi) £{&TS*e£fe<2r&£. 
[00171113-15^ #§893© 1 o(DHfifiWtCSe 
o/cFBAR5 0C0Sft^d^TfcOT?*So 
30 FBAR<D¥ffiHr£>9, H4 4BI5«, 4 

-4«4 5-5i»tca«a^rm/c»Tffiiar*4. fb 

AR5 0(t S«54(Da®5 2 (114, H5)€C^JS 
Stl, St55 4©BflSB5 6CD±CCiSS3ftTF BAR<Z) 

• ffl«iiiaD«ra«ori>s. f bar so 
^mcoh^/i 5 8 , frmunm s o is^m&com 

ffi@6 2*{t*rCiS. H3(c*5C»r, iS8U©affll6 

0OT*«:i2as*iriaS. giM<E>m@® 5 8 w:, Stg 

5 4^15 2CC*j^SDaaiJ5 6(D±tcSO*ri>^a?7> 
40 6 4Sr«*n^S. Sffioaffiil 5 8 <D6B» 6 4 . E^ 
M*4J1 6 0 te cfc i>'j£SB(D«ffilB 6 2 <DM& «? »i % F B A 

[0 0 18] *f6«H(CJ:5FBAR5 0«, tS«ja»I© 
FBARJ:0<>]»ir»Q«*itjLfc*«S*l3fcFBARr 
^^> 0 chit FBAR*6©x*;U=F-08Kfe*/h3 
<"T5J:5«cFBARjgH(Djg2SS^>^^AK:j:5fc 

KOtFBAR^i/c^i^ KWmttSftS-ttSC 
50 ttfiVH-f^ v 4/K*H*4 Ut»< l> 
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[o o i 9 1 fflnm.mi'ZTMt* mm<ommm5s<D 

g[5#6 4CC:fe#£x*> J 6 8 a. 6 8 b fc <fct>*6 8 c 
6DflSP5 6tC*}W-5*ffETSxy isl 0 a, 7 0bfc<t 

4j»6jtfJfrJ"Si*5/7 0a. 7 0b'fecttf7 0c* 

SSB©*ffi6 2CCfeW43tj£'raxv^7 4 a. 7 
4b*J<fctf74 c-N<b5£0*r^a^2(D«RiU7 2i^W 

irt^, HI4 <hH5tcs^^<^$nn^ci:^ic, 

If! 1 6 6 E«W*4J1 60i, DflgP 5 6 ©±CC 

2 Offitt 7 2 tt % EEUtt *4H 60i, jSSPCDIl® 6 2 
*$J:CKS«5 4«:fil^r^a. »l©«i|8<b»2(0«a*lS 

W > fcT - # > * t KRtt W > f - # > X £ £ 

m 1 <D».i*#*aiffi<Z>«ffi5 8 *#/4/r^&<,><Z>r* F B 

a row tt* + t'r- cD-eni & £ h tcs«c ott^ 0 

(0 0 2 0 ] »l<D$HlB6 6«. 3*ffl©«S5 8tc*$W 
2X75/6 8 a. 6 8 bfc<tO*6 8 c ^6IHSB5 6CCfc 
tf5»j£f5x-^7 0a, 7 0 b <fctf7 0 c ST© 

tC, m2(D«Ii|87 2tt. IHSB5 StefcttSx*^ 0 
a, 7 0 btect^O c<tJK«P©«ffi6 2«c*s^5*fl£ 
nx7^74a, 7 4b*s«fcCJ f 7 4 c<b(Offl©ffiSlr 

<. BBfltdttt, «a2 5^P>t*S. F B A R <DW 
14+ + fcf * <h Jit 1 (DfigilEiCDHcD-/ > fcf- 
Cf» 1 <Dffi*?S<t * 2 <D«« i CD > fcT - 

bars oostt+t t^f ^cjgifuri$n^ 0 co 

Jr^tCUr, »l*5«fc^»2(DfigiS6 6i7 2©I3ia 
K*«g© F BAR5 OtCct 5«JftlJ*pJfi&te U 

ri>£„ 

[0 02 1 ] mmmM^TsTMt. F B A R 5 0 tt&C 

tWCcfctitf. «iS7 6«. tS»©SP» 7 8 a . 7 8b*> 
J:C>'7 8 c£{$? x.. -*C5»WFBAR5 0^:5 
il/tl^o LiWttifih. »S7 6 tefcot 81$ 

n-eti<DSP^7 8 a. 7 8 b*$cfcO f 7 8 c«, SgSSd^ 
/cWSl©Sg(cfctt5*flSrSx^^7 4a. 74b 
fed:^7 4c^6t7-fe7 h?nri^ e C(DJ:^CCb 
X. SE5id 3 ^0^ilil*«x./c^3OSI^8 0^, ft 
S!5<D^»Cfctt£x^7 4 a, 7 4 b&J;£>'7 4 c t 
t»iS7 6(DPflCCJI50c$nS. !&3<DSji^c8 0<D^>f- 
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#>*<DC<Dg«:, *3<DSI1|S8 0tCSSB<DSffiJ16 2 
#&C>fc»r*S. CCDcfc^OCUT, »3©figi«8 0 
tt. ff«tt*4JB6 0iS«5 4©*S:dtf. »3<D«« 
8 OOffiHidjtt. C<DJ$3CDM*$8 0 SriSJ*«:f»Wo 
riit§5$tt«© l/4«fifCtt«3fO< ft*<fc5fc 

fi«tt, 5 <t occurs. 
[0022] «ijg7 6 -tn-enaffiissucoKSs 

10. 8 4 6 2©*W4BIi:*«4*6ffi6tl*C iWJL 

< . *ffi«S5 8 tmmcfr'mttnm e o cctt§r# 

«i£7 6te, *3d 4 «r*rOT^*. (Bd 4 &WOro> 
*»4<Df»S8 2#> C<D*}ti£7 6, EE«*m«6 0te 
^885 4*^^4. S4W1«8 20-f>t- 
^>X«, 3 Off 8 OO^ntttSftotli^. Iff 
4©««8 2©Md 4 «r, »4©««8 2 *»J**c«W 

o r flHW" SWttiSo i / 4 Sftfitc«t3Hf 1/ < &&cfc ^ 

20 [00 2 3] C<DJ: ^cbt, #»!B«:J:*JHiaS«5/ 

3©filis88 0teJ:CX^4<O«i|88 2©*ti*Jh«C*y» ^> 
SESKd^ d,. d 3 feJ:0'd 4 ^, «!ROn>* 

or, FBARSoecfcWilt^-K^aKcStfur, * 

8C>* 9 -J: 9 OC^F LTFBAR50 CDJSS^l^^^rS^tc 
*;l/+-«, FBAR5 0<O»tt*+^^tCJS*fbr 

[0024] H«cw7ssnri>&i^ m^ie^cmm 
■raiiljn©»Ji^«jg7 6cD^ifflccraiPi^ac^rs5^r 

- k *is*> 6 <d x * ;u <on^ a C <h #r * 

^ci(t ^*#«:«Hj6^<cc<br*5 5. jaJHSS* 

40 rKsnsx^^-cDT^riss^rsiisasi-fatc 

[002 5] J^i2LSWi/^7^A^tfFBAR5 0«. 

st5±^i^T^J: i 5ccur^'rac<!:^# x cn 

#Jx.tf, S£*jg*P©S/ , J3>^*-^±tCFBAR 
&lt, |gf©^#-(DFBAR^pg^C<b(cT^o 

< XIKC^^n 5»;>J/y**7^ ( phosphor-si 1 i ca- 
50 qrass:PSG) 3&»6 'J 5 4 rtCCStfRf* C <h * 
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[0 02 6] tmtfite P S GJl (S/TvtfT) ts, 

£r> (silicane, >"7>) <b P, O, 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st electrode with which it has been arranged so that said crevice 
may be covered on said front face of the substrate equipped with the crevice 
formed in the front face, and said substrate, and only the 1st distance (d2) was 
prolonged exceeding two or more edges of said crevice, and the 1st field was 
demarcated among them, The piezoelectric material arranged so that said 1st 
electrode may be covered on said front face of said substrate, It is the 2nd 
electrode containing the part arranged on said crevice while having been 
arranged on said piezoelectric material. Have at least one edge by which only the 
2nd distance (d1) is offset for said part from the edge to which said crevice 
corresponds, it is arranged on said crevice, and the 2nd field is demarcated 
among them. For the impedance of said 1st field, said 2nd field is an elastic 
resonator with which it has the 2nd electrode equipped with a different 
impedance, and the lap of said the 1st electrode, said piezoelectric material, and 
said 2nd electrode forms the elastic cavity of said resonator. 
[Claim 2] An elastic resonator [ equipped with width of face (d2, d1) almost equal 
to the quarter-wave length of the elastic wave which crosses a field to the side, 
respectively and progresses of said 1st and 2nd fields ] according to claim 1. 
[Claim 3] An elastic resonator according to claim 2 with the width of face (d2) of 
said 1st field narrower than the width of face (d1) of said 2nd field. 



[Claim 4] It had further the structure arranged on said piezoelectric material, and 
said structure is arranged in a predetermined distance (d3) from the edge of said 
1st electrode corresponding to at least one of the edges of said 2nd electrode 
offset from said edge to which said crevice corresponds. The 3rd field It has 
extended in said structure from said edge of said 1st electrode. Said 3rd field It is 
an elastic resonator [ almost equal to the quarter-wave length of the elastic wave 
which is equipped with a different impedance from the impedance of said 1st field, 
and said predetermined distance (d3) crosses said 3rd field to the side, and 
progresses ] according to claim 1. 

[Claim 5] It is the elastic resonator according to claim 4 equipped with width of 
face (d4) almost equal to the quarter-wave length of the elastic wave which said 
4th field crosses said 3rd field to the side, and progresses by demarcating the 4th 
field according to said structure, and equipping said 4th field with a different 
impedance from the impedance of said 3rd field. 

[Claim 6] Said structure is an elastic resonator according to claim 4 with which it 
has two or more parts, and only a predetermined distance (d3) separates from 
the edge to which said 1st electrode corresponds, and arranges each part. 
[Claim 7] Said two or more parts are elastic resonators according to claim 6 
currently extended around the edge of the plurality [ connect mutually and / 
structure / said ] of said 1st electrode. 

[Claim 8] It has further at least one structure arranged at said piezoelectric 
material on said crevice. Said at least one structure It is arranged at a 
predetermined distance (d1 f ) from said at least one edge of said 2nd electrode 
offset from said edge to which said crevice corresponds. The 3rd field has 
extended in said structure from said edge of said 2nd electrode. Said 
predetermined distance (d1') Are almost equal to the quarter-wave length of the 
elastic wave which crosses said 3rd field to the side and progresses. In that case 
the 4th field It is demarcated according to said structure. Said 4th field It is the 
elastic resonator according to claim 1 equipped with width of face (d2') almost 
equal to the quarter-wave length of the elastic wave which said 4th field crosses 



said 4th field to the side, and progresses by having a different impedance from 
the impedance of said 3rd field. 

[Claim 9] Two structures are arranged in parallel with said piezoelectric material 
on said crevice. The 2nd structure It is arranged from said 1st structure at the 
2nd predetermined distance (d3 f ). Said 2nd predetermined distance (d3') Are 
almost equal to the quarter-wave length of the elastic wave which crosses the 5th 
field between said 1st and 2nd structures to the side, and progresses. The 6th 
field It is the elastic resonator according to claim 8 equipped with width of face 
(d4') almost equal to the quarter-wave length of the elastic wave which said 6th 
field crosses said 6th field to the side, and progresses by being demarcated 
according to said 2nd structure. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the 
elastic resonator which can be used as a filter in an electronic circuitry in more 
detail about an elastic resonator (acoustic resonator). 



[0002] 

[Description of the Prior Art] From the demand to low-cost-izing and a 
miniaturization of electronic equipment, the small filter member is demanded 
continuously. By consumer electronics like a cellular phone or small radio, the 
severe limit is **(ed) to the magnitude and cost of components which are built in. 
Many of these equipments are using the filter which must be aligned with an 
exact frequency. Therefore, continuous efforts have been made in order to offer 
filter equipment that it is not expensive and small. 

[0003] The type with the filter member which may suit these needs consists of 
elastic resonators. A bulk length elastic wave is used for these devices into thin 
film piezoelectric material. In one easy configuration, a piezoelectric-material 
layer is pinched between two metal electrodes. It is hung in air, this pinching 
configuration having a perimeter supported. If an electrical potential difference is 
applied and electric field are generated by inter-electrode [ two ], piezoelectric 
material will transform some electrical energy into mechanical energy in the form 
of an elastic wave. An elastic wave is spread to the lengthwise direction which is 
the same direction as electric field, and is reflected by the electrode and the air 
interface. Furthermore, an elastic wave is spread also in the direction which 

< 

crosses electric field, and is reflected by various discontinuous parts in the edge 
of an electrode or structure. 

[0004] This device is a mechanical resonator connectable with electronics. 
Therefore, this device can be a filter. Mechanical resonance frequency seems for 
1/2 wave of the elastic wave which spreads a device perpendicularly to become 
equal to the thickness of the whole device to the predetermined phase velocity of 
the sound in an ingredient. Since the speed of sound is slower than the rate of 
light 4 figures, the resonator obtained becomes very small. A diameter can 
constitute the resonator applied to the range of GHz from physical magnitude 
less than 100 microns and whose thickness are several microns. 
[0005] The thin film bulk elastic resonator (thin film bulk acoustic 
resonator:FBAR) and the laminating thin film bulk elastic resonator (stacked thin 



film bulk wave acoustic resonatonSBAR) contain the piezo-electric thin film 
equipped with the thickness of 1-2-micron order by which the spatter was carried 
out. The electric field to which the electrode of a front face and a base pinches a 
piezo-electric thin film, and pierces through piezoelectric material are made. In 
other words, a piezo-electric thin film changes a part of this electric field into a 
mechanical place. FBAR is the monolayer of piezoelectric material and functions 
as an absorption filter. SBAR accumulates two or more layers, and is constituted, 
and that electrode is constituted between the front face of this pile between 
layers, and a base. SBAR is usually used as a transparency filter. 
[0006] Although this invention is explained about FBAR in order to simplify the 
following explanation, probably, the place similarly applicable to SBAR which this 
invention suggests will be clear. The part contained between the superposition of 
an electrode among piezo-electric thin films forms an elastic cavity. The main 
oscillation modes of this cavity are compression, a share, and a plate mold, and 
are spread to the lengthwise direction where the field of an electrode and an 
elastic wave cross at right angles. Other oscillation modes which can be excited 
exist in an unfortunate thing. The these so-called "transverse modes 
(lateralmode)" resonance corresponds to the elastic wave which spreads in 
parallel with the field of an electrode and is reflected by the discontinuous part of 
the wall of an elastic cavity, or the edge of an electrode layer. If these transverse 
modes arise, mechanical energy will be lost as heat. Loss of this energy has a 
bad influence on the quality (quality, acute [ of resonance ]) of FBAR. Reduction 
of the energy loss by transverse-mode resonance improves the quality factor (Q 
value) of FBAR, and enables the design of a sharp frequency resonance filter, a 
duplexer, and the oscillator of a low phase noise. 
[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to 
offer the bulk elastic resonator of the high quality which reduced the energy loss 
by transverse-mode oscillation. 
[0008] 



[Means for Solving the Problem] According to one example of this invention, the 
elastic resonator is equipped with a substrate, the 1st and 2nd electrodes, and 
piezoelectric material. A substrate is equipped with the crevice formed in the front 
face. The 1st electrode which covers the crevice of the front face of a substrate 
and is arranged offers an electrode and an air interface, it is prolonged so that 
only the 1st distance may exceed the edge of a crevice, and it forms the 1st field 
among them. Piezoelectric material is the front face of a substrate, and it is 
arranged so that the 1st electrode may be covered. The 2nd electrode has been 
arranged on piezoelectric material and equipped with the part located on a 
crevice. Only the 2nd distance is equipped with at least one edge offset from the 
edge to which a crevice corresponds, and the part of the 2nd electrode located 
on a crevice forms the 2nd field for it among them. The lap of the 1st and 2nd 
electrodes and piezoelectric material forms the elastic cavity of a resonator. 
Since the ingredient in these two fields is different, the 1st and 2nd fields have a 
mutually different impedance. Furthermore, since each of the 1st and 2nd 
distance is almost equal to the quarter-wave length of the elastic wave which 
passes through each field to the side, it interferes, and there is reflection from the 
edge of those fields, and it makes the reflection factor of a resonator max so that 
it may suit in slight strength. In this way, the 1st and 2nd fields function as a 
Bragg reflection object, return from transverse-mode resonance to the elastic 
cavity of a resonator, an elastic wave is reflected, and these elastic waves are 
changed into main oscillation mode required subsequently. 
[0009] An elastic resonator reflects the elastic wave of the addition which is 
equipped with the circumference reflective system on it, and returns from a 
transverse-mode resonator to the elastic cavity of a resonator. A circumference 
reflective system can be equipped with the structure which is on the structure 
and the crevice which have been arranged on the piezoelectric material around 
the 1st electrode, and has been arranged on the piezoelectric material of the 2nd 
perimeter of an electrode. The structure where it was located by predetermined 
distance from the edge of the 1st electrode corresponding to the edge of the 2nd 
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electrode offset as a former example from the edge to which a crevice 
corresponds is included. The 3rd field has extended in this structure from that 
edge of the 1st electrode. The 3rd field is equipped with a different impedance 
from the impedance of the 2nd field, therefore a predetermined distance 
becomes almost equal to the quarter-wave length of the elastic wave which 
passes through this 3rd field to the side. Forming [ therefore ] the 4th field 
equipped with a different impedance from the impedance of the 3rd field in itself 
[ structure ], the width of face of this 4th field becomes almost equal to the 
quarter-wave length of the elastic wave which passes through this 4th field to the 
side. 

[0010] The example of the latter structure is in a predetermined distance from the 
edge of the 2nd electrode offset from the edge to which a crevice corresponds, 
while being arranged at the piezoelectric material on a crevice. The 3rd field 
extends from that edge of the 2nd electrode to structure, therefore a 
predetermined distance becomes almost equal to the quarter-wave length of the 
elastic wave which passes through this 3rd field to the side. Like an above- 
mentioned example, the 4th field equipped with a different impedance from the 
impedance of the 3rd field is formed in itself [ structure ], and the width of face of 
the 4th field becomes almost equal to the quarter-wave length of the elastic wave 
which passes through this 4th field to the side. 

[0011] How to constitute an elastic resonator is explained according to other 
examples of this invention. This approach includes preparing the substrate 
equipped with the crevice formed in that front face, and the 1st electrode 
arranged on the front face. Only the 1st distance is prolonged exceeding the 
edge of this crevice, and the 1st electrode forms the 1st field among them while 
being arranged on a crevice. This approach includes making the 2nd electrode 
adhere on this piezoelectric material while making piezoelectric material adhere 
to the front face of the substrate on the 1st electrode further. The lap of the 1st 
and 2nd electrodes and piezoelectric material forms the elastic cavity of a 
resonator. The 2nd electrode forms the 2nd field only for the 2nd distance among 



them including the part arranged on the crevice equipped with at least one edge 
offset from the edge to which a crevice corresponds. This 2nd field is equipped 
with a different impedance from the 1st impedance. Furthermore, each 1st and 
2nd distance is almost equal to the quarter-wave length of the elastic wave which 
crosses each field to the side and is passed, and the 1st and 2nd fields form a 
Bragg reflection object. Other structures which were mentioned above may be 
added so that an elastic wave may be further reflected in the elastic cavity of a 
resonator and it may return from transverse-mode resonance again, this 
invention refers to the drawing of the attachment which uses the similar reference 
mark for the member which was common in various drawings - this contractor - 
an understanding - the purpose, configuration, and advantage of the many are 
also a clear thing while it is easy. 
[0012] 

[Embodiment of the Invention] With reference to drawing 1 and drawing 2 which 
are the sectional view of FBAR and SBAR, he can understand this invention 
easily, respectively. In drawing 1 , FBAR10 currently formed by the substrate 12 
is equipped with the electrodes 14 and 18 of a pars basilaris ossis occipitalis and 
a front face, respectively, and these electrodes have sandwiched the sheet of 
piezoelectric material 16. Piezoelectric material 16 is hung on a crevice 20, and 
forms the electrode and the air interface in the pars basilaris ossis occipitalis of 
FBAR. A crevice 20 is usually made by corroding and removing some substrates 
12. Although it is desirable that it is alumimium nitride AIN as for piezoelectric 
material, other piezoelectric material may be used. Although being made from 
molybdenum is desirable as for electrodes 14 and 18, they may constitute an 
example using other ingredients. System of coordinates 22 correspond to the 
wave by which the z-axis turned to the lengthwise direction of one of mode types, 
and bearing is set that a x axis and the y-axis correspond to the wave which was 
suitable in the crossing direction of compression, a share, or a plate mode type to 
them. 

[0013] These devices are designed so that the bulk compression or the share 



elastic wave spread according to required resonator mode in the direction 
parallel to the z-axis in thin film piezoelectric material may be used. When electric 
field are generated by inter-electrode [ two ] by impressing an electrical potential 
difference, piezoelectric material transforms some electrical energy into the 
mechanical energy of the form of an elastic wave. An elastic wave is spread in 
the same direction as the electric field shown by 24, and is reflected in an 
electrode and an air interface. 

[0014] In the case of mechanical resonance, since a device is considered to be 
the resonator of electronics, a device can function as a notch filter. Mechanical 
resonance frequency is a frequency to which the half-wave length of the elastic 
wave which advances the inside of a device becomes equal to the thickness of 
the whole device to the predetermined compound presentation phase rate of the 
elastic wave in an ingredient. Since the rate of an elastic wave is slower than the 
rate of light 4 figures, the obtained resonator is made very small. The resonator 
applied to the range of GHz can consist of die length of 100 microns, and 
physical magnitude of order with a thickness of several microns. 
[0015] Drawing 2 is the sectional view of SBAR30. SBAR is equipped with the 
function similar to the electric function of a band-pass filter. SBAR(s)30 are two 
FBAR filters connected mechanically fundamentally. The crevice of the method 
of a bottom subordinate of piezoelectric material is omitted from this drawing. 
The signal between the electrode 32 in the resonance frequency of the piezo- 
electric layer 36 and 34 spreads elastic wave energy in the piezo-electric layer 38. 
The mechanical oscillation of the piezoelectric-material layer 38 is changed into 
the electrical signal between an electrode 34 and 40 by piezoelectric material. 
[0016] Again, in order to generate a wave required type in drawing 1 , when 
potential is given in the direction of z inter-electrode, the mechanical deformation 
which was suitable in the crossing direction occurs, and the elastic wave which 
advances the inside of a piezo-electric layer to the side is excited, although 
reflection by the abrupt change of the consistency in the edge of the electrode 
shown by 24 becomes dominant in these elastic waves - the edge of a crevice - 



or it may be reflected by the edge of a piezo-electric layer. A part of elastic wave 
passes an edge, without being reflected in an edge, and it serves as heat loss. 
Loss of this energy by these transverse modes reduces the quality factor (Q 
value) of FBAR. 

[0017] Drawing 3 - drawing 5 show the example of FBAR50 according to one 
example of this invention. Drawing 3 is the top view of FBAR and drawing 4 and 
drawing 5 are the sectional views seen almost along with 4-4 line and five to 5 
line, respectively. FBAR50 is formed in the front face 52 ( drawing 4 , drawing 5 ) 
of a substrate 54, is arranged on the crevice 56 of a substrate 54, and provides 
the pars basilaris ossis occipitalis of FBAR with the electrode and the air 
interface. FBAR50 is equipped with the surface electrode layer 58, the 
piezoelectric-material layer 60, and the electrode layer 62 of a pars basilaris 
ossis occipitalis. In drawing 3 , the electrode layer 62 and crevice 56 of a pars 
basilaris ossis occipitalis are shown by the broken line, and are arranged by both 
under the piezoelectric-material layer 60. The surface electrode layer 58 is 
equipped with the part 64 prolonged on the crevice 56 in the front face 52 of a 
substrate 54. The lap of the part 64 of the surface electrode layer 58, the 
piezoelectric-material layer 60, and the electrode layer 62 of a pars basilaris 
ossis occipitalis forms the elastic cavity of FBAR. 

[0018] FBAR50 by this invention is improved FBAR equipped with Q value 
conventionally higher than well-known FBAR. This is based on the circumference 
reflective system of a perimeter of FBAR which makes loss of the energy from 
FBAR small. The circumference reflective system has two or more fields 
committed as a Bragg reflection object which can circulate through the energy 
from transverse-mode resonance, can return the energy to an elastic cavity, and 
can be again transformed to the main oscillation mode of FBAR. 
[0019] The 1st field 66 where the circumference reflective system is prolonged to 
the corresponding edges 70a, 70b, and 70c in a crevice 56 from the edges 68a, 
68b, and 68c in the part 64 of the surface electrode layer 58, It has the 2nd field 
72 which has extended to the corresponding edges 74a, 74b, and 74c in the 
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electrode 62 of a pars basilaris ossis occipitalis from the corresponding edges 
70a, 70b, and 70c in a crevice 56. The 1st field 66 is equipped with some 
electrodes 62 of the piezoelectric-material layer 60 and the pars basilaris ossis 
occipitalis arranged on the crevice 56 as best shown in drawing 4 and drawing 5 . 
The 2nd field 72 is equipped with the piezoelectric-material layer 60, and the 
electrode 62 and substrate 54 of a pars basilaris ossis occipitalis. It is made for 
the 1st field to have a different impedance from the impedance of the 2nd field by 
changing the ingredient of the 1st field and the 2nd field. Since the 1st field does 
not contain the surface electrode 58, the impedance in the 1st field is the elastic 
cavity of FBAR, or differ further. 

[0020] The 1st field 66 has the width of face or distance d1 equal to distance 
from the edges 68a, 68b, and 68c in the surface electrode 58 to the 
corresponding edges 70a, 70b, and 70c in a crevice 56.- Similarly, the 2nd field 
72 has the width of face or distance d2 which is the distance between the edges 
70a, 70b, and 70c in a crevice 56, and the corresponding edges 74a, 74b, and 
74c in the electrode 62 of a pars basilaris ossis occipitalis. Each distance d1 and 
d2 is almost equal to the quarter-wave length of the elastic wave which crosses 
each field to the side and advances. In the desirable example by this invention, 
distance d1 is larger than distance d2, and distance d2 is about 2 microns. For 
the mismatching of the impedance between the elastic cavity of FBAR, and the 
1st field, and the impedance of the 1st field and the 2nd field, some of elastic 
waves from transverse-mode resonance are reflected and returned to the elastic 
cavity of FBAR50. Thus, arrangement of the 1st and 2nd fields 66 and 72 
enables control by FBAR50 of transverse-mode resonance. 
[0021] The circumference reflective system arranges structure 76 further to the 
FBAR50 neighborhood. According to the desirable example of this invention, 
structure 76 is equipped with two or more parts 78a, 78b, and 78c, and is 
surrounding FBAR50 except for one side. However, this contractor will notice that 
structure 76 can be constituted from fewer parts. Moreover, this part of each 
other does not need to be connected. As for each part 78a, 78b, and 78c, only 



distance d3 is offset from the corresponding edges 74a, 74b, and 74c in the 1st 
electrode. Thus, the 3rd field 80 equipped with width of face equal to distance d3 
is formed between the edges 74a, 74b, and 74c in the electrode of a pars 
basilaris ossis occipitalis, and structure 76. The impedance of the 3rd field 80 
differs from it of the 2nd field 72. This difference of an impedance is because 
there is no electrode layer 62 of a pars basilaris ossis occipitalis in the 3rd field 
80. Thus, the 3rd field 80 contains only the piezoelectric-material layer 60 and a 
substrate 54. Since the distance d3 of the 3rd field 80 is chosen so that it may 
become almost equal to the quarter-wave length of the elastic wave which 
crosses this 3rd field 80 to the side, and is passed, it interferes in the reflection in 
the edge of the 3rd field 80 so that it may suit in slight strength. 
[0022] As for structure 76, it is desirable to be made from the respectively same 
ingredient as a front face and the ingredient of the electrodes 58 and 62 of a pars 
basilaris ossis occipitalis, and it can adhere to the piezoelectric-material layer 60 
at a surface electrode 58 and coincidence. Structure 76 has width of face d4. The 
4th field 82 which has width of face d4 contains this structure 76, the 
piezoelectric-material layer 60, and the substrate 54. The impedance of the 4th 
field 82 differs from it of the 3rd field 80. Since the width of face d4 of the 4th field 
82 is chosen so that it may become almost equal to the quarter-wave length of 
the elastic wave which crosses the 4th field 82 to the side and is passed, it 
interferes in the reflection in the edge of the 4th field 82 so that it may suit in 
slight strength. 

[0023] Thus, in the circumference reflective system by this invention, since the 
distance d1, d2, d3, and d4 in each of the 1st field 66, the 2nd field 72, the 3rd 
field 80, and the 4th field 82 is chosen carefully To the transverse-mode 
resonance in FBAR50, it interferes in the elastic wave reflected from the edge in 
each field so that it may suit in slight strength, and it makes the reflection 
coefficient of FBAR50 max. Consequently, these fields are committed as a Bragg 
reflection object, and the energy from the transverse-mode resonance with a 
possibility of being lost is reflected and returned to the elastic cavity of FBAR50. 



Energy will be changed into the required main oscillation mode of FBAR in the 
lengthwise direction which intersects perpendicularly with the field of an electrode 
if the return by reflection to an elastic cavity arises. 
[0024] It will be clear to this contractor that the rate of the energy from the 
transverse-mode resonance which the structure of an addition similar to structure 
76 can keep and arrange spacing around structure 76, and is returned to the 
elastic cavity of FBAR by reflecting can be increased although not shown in 
drawing. If the Bragg reflection object prepared in a circumference reflective 
system increases, a circumference reflective system will approach further the 
ideal reflecting mirror which reflects all the energy returned to the elastic cavity of 
FBAR by reflecting. 

[0025] On a substrate, FBAR50 containing a circumference reflective system is 
the following, and can be made and constituted, and this includes manufacturing 
FBAR on a well-known silicon wafer conventionally at coincidence. However, 
since it is easy, an argument will be restricted to single FBAR. A crevice 56 is 
first corroded by the front face 52 of a substrate 54. Subsequently, it prevents 
that Lynn is spread in a substrate 54 from the phosphorus silica glass (phosphor- 
silica-grass: PSG) used for the process which the thin film of a thermal oxidation 
object is grown up into a front face 52, and follows. This diffusion gives 
conductivity to the silicon used as a substrate, and interferes with electric 
actuation of a final device. 

[0026] A front face 52 adheres to a self-sacrificing PSG layer (not shown) at the 
temperature of about 450 degrees C using SHIRIKEN (silicane, silane) which 
constitutes the vitrified soft ingredient which subsequently includes about 8% of 
Lynn, and P205. Subsequently a PSG layer is ground using a slurry, removes 
the part of PSG of the crevice 56 exterior, and finishes the PSG part of a crevice 
56 "in the shape of a mirror plane." Subsequently a substrate is washed. 
[0027] After washing, while adhering to an electrode layer, it is corroded 
alternatively and the electrode 62 of the pars basilaris ossis occipitalis of 
FBAR50 is formed. Various ingredients like molybdenum, aluminum, a tungsten, 



gold, platinum, and titanium can use as an electrode. Since molybdenum is 
equipped with the low thermoelastic loss, it is suitable for using for a resonator. 
[0028] After adhering to the electrode 62 of this pars basilaris ossis occipitalis, it 
adheres to the piezoelectric-material layer 60. In one example, a piezoelectric- 
material layer is a spatter vacuum evaporationo layer of AIN equipped with the 
thickness are thick in the range of about 0.1 to 10 microns. Subsequently to the 
piezoelectric-material layer 60, it adheres to the surface electrode layer 58 and 
the structure 76 which consist of same ingredients as the electrode 62 of a pars 
basilaris ossis occipitalis, and they are corroded alternatively. 
[0029] Subsequently, electromagnetic effect on the filter formed while the pars 
basilaris ossis occipitalis of a substrate is made thin, is removed from the lower 
part of a substrate in an ingredient and has a thermal property improved by 
wrapping, plasma corrosion, or chemistry and mechanical-polishing (CMP) 
processing is made small. A self-sacrificing PAG layer and a self-sacrificing heat 
oxide layer are removable from a crevice 56 at any time, after adhering to the 
electrode 62 of a pars basilaris ossis occipitalis. In the desirable example of this 
invention, a PAG layer and a heat oxide layer are removed, after a substrate is 
made thin. It is removed when beer (not shown) is formed in a substrate so that a 
PSG layer may be exposed, therefore a PSG layer and a heat oxide layer 
corrode in an H20:HF diluent. Obtained FBAR is shown in drawing 3 - drawing 5 . 
[0030] Drawing 6 and drawing 7 show other examples of FBAR50' equipped with 
the circumference reflective system by this invention. FBAR50' is a 
circumference reflective system containing the reflector of two or more 1st and 
2nd elements. 1st two or more element reflector is equipped with Members 84a, 
84b, and 84c, and 2nd two or more element reflector is equipped with Members 
86a, 86b, and 86c. Although it can have additional two or more element reflector, 
it is not shown in order to simplify illustration. 

[0031] On the crevice 56 formed in the substrate 54, it differs in the structure 76 
shown in drawing 3 which is not arranged - drawing 5 , and 1st and 2nd two or 
more element reflectors are arranged on a crevice 56, and offer more effective 



structure as best shown in drawing 7 . The reflector members 84a, 84b, 84c, 86a, 
86b, and 86c are equipped with the higher elastic impedance. Each of the 
reflector members 84a, 84b, and 84c is equipped with width-of-face dZ while 
only distance d1' is left and arranged from the edge to which the surface 
electrode 58 corresponds. Similarly, each of the reflector members 86a, 86b, and 
86c is equipped with width-of-face d4' while only distance d3' separates and is 
arranged from the reflector members 84a, 84b, and 84c, respectively. Only 
distance d5' is left and arranged from each edge 70a, 70b, and 70c of the crevice 
56 where the reflector members 86a, 86b, and 86c were formed in the substrate 
54, and from each edge 74a, 74b, and 74c of the electrode 62 of a pars basilaris 
ossis occipitalis, the edges 70a, 70b, and 70c of a crevice 56 leave only distance 
d6\ and are arranged. Since distance d1\ d3\ d5' and d6\ width-of-face d2\ and 
d4' are chosen as the precision, the each is almost equal to the quarter-wave 
length of the elastic wave which crosses a specific field and advances to the side, 
it is in phase to FBAR50', reflects the transverse mode, and is returned. 
[0032] Additional two or more element reflector or structure similar to the 
structure 76 in drawing 3 - drawing 5 can prepare in the outside of the crevice 56 
of the 1st and 2nd perimeters of two or more element reflector. FBAR50' 
equipped with two or more element reflector is made in a way similar to the way 
mentioned above about FBAR50 in drawing 3 - drawing 5 . 
[0033] As mentioned above, this invention offers improved FBAR with little 
energy from transverse-mode resonance. The circumference reflective system of 
FBAR and surrounding structure form a series of Bragg reflection objects which 
make the energy from transverse-mode resonance return to the elastic cavity of 
FBAR again, and the energy is changed into the desirable longitudinal mode in 
that case. This invention offers improved FBAR equipped with high Q value, and 
enables the design of a sharp frequency resonance filter, a duplexer, and the 
oscillator of a low phase noise. 

[0034] It will be obvious to this contractor that it is what can be performed without 
modification and correction deviating from this invention in the large viewpoint 



although it was explained while the specific example of this invention was 
illustrated. For example, although the elastic cavity of FBAR currently illustrated 
is equipped with the rectangular configuration, what kind of polygon is sufficient 
as an elastic cavity. In order to lessen the abnormalities in absorption out of 
which it is especially produced and cheated by the transverse mode, the elastic 
cavity equipped with the irregular polygon configuration (for example, irregular 
quadrilateral) is convenient. The circumference reflective system by this invention 
can be designed for FBAR equipped with the elastic cavity of a non-rectangle. 
Thus, the claim added in writing includes all such modification and corrections in 
those range so that it may go into the true pneuma of this invention, and within 
the limits. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of a FBAR resonator. 

[Drawing 2] It is the sectional view of a SBAR resonator. 

[Drawing 3] It is the top view of FBAR according to one example of this invention. 
[Drawing 4] It is the sectional view seen almost along with the line 4-4 of drawing 



3. 

[Drawing 5] It is the sectional view seen almost along with the line 5-5 of drawing 
3. 

[Drawing 6] It is the top view of FBAR according to other examples of this 
invention. 

[Drawing 7] It is the sectional view seen almost along with seven to 7 line of 
drawing 6 . 

[Description of Notations] 

50 Elastic Resonator 

52 Substrate Front Face 

54 Substrate 

56 Crevice 

58 2nd Electrode 

60 Piezoelectric Material 

62 1 st Electrode 

64 Part 

68a, 68b, 68c Edge of the 2nd electrode 

70a, 70b, 70c Edge of a crevice 

72 1 st Field 

d1 The 2nd distance 

d2 The 1st distance 

76 Structure 

74a, 74b, 74c Edge of the 1st electrode 
84a, 84b, 84c Structure 
86a, 86b, 86c Structure 
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[Drawing 6] 
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